Production of polymer blends is becoming increasingly important as a method of modifying the properties of polymers and expanding their possible fields of application (Ref. 1). Thus, by mixing together two or more industrially manufactured polymers it is possible to create blends that can be used in aircraft and machine construction, electrical engineering, electronics and many other areas of construction and domestic appliance manufacture (Refs. 2-3).
Polymer blends based on polyamides, polyolefins, polycarbonates, polyesters etc., which possess high strength and thermal characteristics, have found widest application (Ref. 3) .
The aim of the present work is the development of blends based on polybutyleneterephthalate (PBTP) and polyolefins (PO). Incorporation of polyolefins makes it possible to alter the structure and properties of the initial polymer, and provides targeted modification of its principal physical and chemical properties. Moreover, the PBTP blends will possess not only improved properties, but also new service characteristics.
The starting components used for obtaining blends in this work were industrial PBTP of grade V-305 (specification TU 2276-001-45372259-98), high-density polyethylene (HDPE) of grade 277-73, and polypropylene (PP) of grade Kamplen 01/30.
The PBTP/PO polymer blends were prepared by dry mixing of the appropriate components followed by extrusion on a single-screw extruder made by Betol (Great Britain) at a temperature of 230°C and screw rotary speed 50-70 rev/min. The PBTP:PO ratio was varied from 97.5:2.5 to 10:90, respectively.
The strain and strength characteristics were determined by Charpy impact testing (GOST 4647-79) on an IT-1/4 pendulum-type tester. The striking edge of the pendulum was equipped with an IS 318-1 piezoelectric load sensor, the signal from which was fed directly to a model S8-13 recording oscillograph. The velocity of the striker at the moment it made contact with the specimen was 2.9 m/s. Using this set-up we were able to obtain load-time (P-t) diagrams. Then on the basis of the parameters of the Pt diagram and the specimen dimensions we calculated the impact strength (A b ), breaking stress (σ b ), elastic modulus (E) and strain (ε b ) by appropriate methods.
The specimens for the impact tests were prepared using the SN-296 casting machine at a temperature of 250°C and pressure of 10 MPa. Specimen dimensions were 4x6x50 mm.
The melt flow index (MFI) of the compositions based on PBTP/PO polymer blends was determined on the IIRT-M capillary viscosimeter at 230°C and load 21.6 N. The diameter of the capillary was 2 mm.
Investigations of the physical-mechanical properties of composition materials based on PBTP/PO polymer blends showed there were considerable variations in their strain-strength characteristics, improvement of which was observed at low PO concentrations (2-5 wt.%).
A comparative characterisation of the service properties of the PBTP/PO polymer blends is given in Table 1 .
As can be seen from Table 1, the differences in breaking stress σ b of cast specimens of PBTP and PBTP/PO blends are evidently due to the formation of an interfacial layer (interphase layer) on the phase boundary of the thermodynamically incompatible polymers. Moreover, formation of compatible crystallites of the components is not possible, and this leads to an increase in defectiveness of the crystallites that form in the interfacial phase. It is known that during crystallisation of polymers that have different melting points and rate of crystallisation (which applies to PBTP and to the polyolefins used) there is a substantial increase of the free volume in the interfacial layer, where macromolecules of both components may be located. In the conditions of increasing temperatures and force fields, there are also changes in the molecular weight distribution of the polymers, with formation of a certain amount of low-molecular fractions, which plasticise the principal polymer, with a consequent lowering of the elastic modulus E ( Table 1) . Accordingly, the structural changes occurring both within each phase, and in the interfacial layer, on the whole lead to better deformability of PBTP/PO blends. The behaviour of specimens based on PBTP/HDPE and PBTP/PP can easily be explained, because their concentration dependence of E and ε b corresponds to the nature of the additive ( Table 1) . In the first case we observe a marked increase in rigidity (E) and a decrease in a characteristic such as plasticity (ε b ). For PBTP/PP the reverse is true.
Increase in plasticity of PBTP on adding PP is confirmed by the values for impact strength (A b ). Studies have shown that fracture dynamics of the initial PBTP has a pronounced character of brittle fracture. Even with addition of less than 5 wt.% there is a change-over to ductile fracture, as a result of which A b increases to 45 kJ/m 2 ( Table 1) . Further increase in content of PP in the blends to 50 wt.% leads to a decrease in A b . When other polymer additions are used as the polyolefin, such as PB, A b decreases even when their content is 5 wt.%.
The large changes in A b of PBTP/PO blends are evidently due to the structure of the blends, the surface of the interface, and the proportions of the interfacial layer, which depend in their turn on the composition of the components and determine the extent to which they are compatible. Moreover, increase in the volume and proportion of the interfacial layer leads to a decrease in the strength characteristics and an increase in deformability.
However, despite their obvious promise, these composition materials undergo breakdown to a considerable degree in the harsh processing and service conditions. This leads to impairment of the initial properties of the material. Furthermore, in polymer blends that are heterogeneous systems, in which the phase of one polymer is dispersed in the continuous phase of the other polymer, destruction processes take place that are characteristic of each of the polymers in the blend (Ref. 1).
In practice, in order to prolong the service life of products and to increase resistance of the polymers to oxidative processes and to reactions of thermal decomposition, most of them have additions of various stabilisers that are able to inhibit the processes of thermaloxidative destruction. Therefore as well as investigating the strain and strength characteristics, in this work we also carried out research for increasing the high temperature stability of PBTP/HDPE blends.
For inhibiting thermal-oxidative destruction of the PBTP/HDPE blends obtained, based on a chain mechanism, we used phosphorus-containing stabilisers:
It is known (Refs. [4] [5] [6] that antioxidants of the hindered phenol type are used with organophosphorus stabilisers for increasing the heat resistance of compositions based on PBTP during processing and in service. Wing Stay 1, which is a mixture of α-methylbenzyl phenols, was used as a phenolic type of stabiliser in this work.
A highly dispersed Fe/FeO mixture, which is an effective oxygen acceptor, was also used for inhibiting the thermal-oxidative destruction of PBTP. 5  0  3  -V  7  3  1  5  2  1  3  5   2  n  o  i  s  u  r  t  x  e  r  e  t  f  A  .  l  a  i  t  i  n  i  5  0  3  -V  0  1  6  3  8  4  2  2   3  E  P  D  H  %  5  .  2  +  5  0  3  -V  6  1  0  2  9  5  3  2   4  E  P  D  H  %  5  +  5  0  3  -V  6  1  2  1  8  5 The stabilised PBTP/HDPE blends were obtained in two stages. In the first stage, 5% concentrates of the stabilisers in HDPE were prepared by extrusion at 190°C. In the second stage, stabilised PBTP/HDPE blends were obtained by dry mixing of previously dried granules of the initial PBTP with granules of HDPE/stabiliser concentrates followed by extrusion at a temperature of 230°C and screw rotary speed of 50-70 rev/min.
To assess the effectiveness of stabilisation of specimens of PBTP/HDPE blends in conditions of solid-phase oxidation at low temperatures, investigations were carried out on massive bars prepared using the SN-296 casting machine at 230°C and pressure of 10 MPa. The dimensions of the bars were 4x6x50 mm. Thermal ageing of the specimens was carried out in a heating cabinet with good air ventilation at a temperature of 120 ± 1°C.
The stability of properties during thermal ageing for PBTP/HDPE blends was monitored on the basis of A b . The results for the variation of the values of A b of specimens of PBTP/HDPE blends as a function of the time of thermal ageing are shown in Table 2 .
It can be seen from the data in Table 2 that for industrial PBTP we observe a sharp drop in A b values after just 4 days of thermal ageing, indicating that, for all practical purposes, there is no induction period. In contrast to the industrial specimen, for blends that have been stabilised with phosphorus-containing compounds and antioxidants of the hindered phenol type, for a certain time interval (8-16 days), which we shall call the induction period, the values of A b are roughly constant, but then with increasing duration of thermal ageing we observe a decrease in A b values. It should be noted that specimens that were stabilised with the systems of antioxidants (phosphorus-containing compounds and hindered phenols) maintained the A b values throughout the tests.
The thermal properties of PBTP/HDPE blends stabilised with the above-mentioned antioxidants were investigated on a Q-1500 derivatograph of the company MOM (Hungary), in dynamic conditions of heating in air in the temperature range from 20 to 500°C. The weight of the samples was 100 mg. Calcined aluminium oxide was used as the reference standard. Comparative data of thermogravimetric analysis (TGA) of stabilised PBTP/PO blends are presented in Table 3 . Table 3 shows that for the stabilised PBTP/HDPE blends, with respect to temperature T 2% , the mass losses exceed the industrial specimen, moreover the mass loss for industrial PBTP takes place at a higher rate and at lower temperatures than for the stated PBTP/HDPE blends. However, PBTP/HDPE blends stabilised with the systems of antioxidants (phosphoruscontaining and hindered phenols) are superior with respect to T 2% to the blends stabilised with just one type of antioxidant. This effect arises because when systems of stabilisers are used, several mechanisms of stabilisation are involved, i.e. the phosphorus-containing stabilisers break down the hydroperoxide and peroxide compounds, whereas the hindered phenols stop the kinetic chains.
Examination of the data in
The effectiveness of using systems of stabilisers is also supported by the results of investigations of the thermal stability of melts of PBTP and its blends.
The high-temperature stability of PBTP and of blends based on it was determined from the variation in values of MFI as a function of the duration of thermal ageing. It is known that MFI "reacts finely" to chemical processes 
(destruction, structurisation) in melts of heterochain polymers (Ref. 7) . The results of the tests are shown in Table 4 .
As can be seen from Table 4 , by adding the aforementioned stabilisers it was possible to delay the thermal-oxidative processes taking place in the PBTP/ HDPE blend. However, both organophosphorus and phenolic antioxidants have their shortcomings when used separately, thus, phosphorus-containing stabilisers, acting as reducing agents of hydroperoxides to alcohols, may be consumed uselessly in chain reactions of oxidation. Systems of stabilisers consisting of phosphorus-containing compounds and hindered phenols are the most effective. Moreover, the thermal stability of blends based on PBTP and HDPE, stabilised with mixed systems, is much superior to the industrial formulation. In its turn, this offers the possibility of retaining the original physical-mechanical properties of polymer blends during processing and service of articles made from them. V  (  P  T  B  P  8  9  8  2  2  2  7  3  5  4  -1  0  0  -6  2  2  2  U  T  2  1  3  5  4  3  5  5  3  0  9  3   2  E  P  D  H  %  0  1  +  5  0  3  -V  0  2  3  7  4  3  0  5  3  8  7  3   3  +  E  P  D  H  %  0  1  +  5  0  3  -V  A  P  H  C  %  0  1  .  0  5  2  3  1  4  3  2  5  3  8  7  3 4 Thus, the following conclusions can be drawn on the basis of the results obtained:
Modification of PBTP with various polyolefins makes it possible to obtain composition materials with improved service characteristics. However, the content of polyolefin in PBTP/PO blends should not exceed 10 wt.%.
Addition of various antioxidants to PBTP/PO blends can increase their high temperature resistance, and addition of systems of stabilisers can yield materials that are superior, in heat resistance, to the industrial formulation and specimens stabilised with the aforementioned antioxidants.
